Determinants of mitochondrial O2 dependence in kidney.
The O2 dependence of mitochondrial cytochromes was studied in suspensions of isolated rat kidney cells to examine the determinants of renal mitochondrial function. Direct spectroscopy of the oxidation of cytochromes c + c1, a + a3, and b561 + b566 showed that oxidation-reduction changes of the entire electron transport chain occur over the same range of O2 concentrations; this suggests that the mitochondrial cytochromes function as a single unit in response to O2 changes. Half-maximal oxidation (P50 value) of cytochrome c + c1 in intact cells was 3.6 microM but was only 0.45 microM in isolated renal cortex mitochondria under state 3 conditions. This is consistent with the existence of a substantial O2 concentration gradient from the extracellular space to the region around the mitochondria under hypoxic conditions. Comparison with results for digitonin-treated cells under state 3 conditions indicates that the distribution of mitochondria within the cellular structure is an important determinant of the cellular O2 dependence. In addition, the mitochondrial O2 dependence varies as a function of cellular respiration rate. Stimulation of the O2 consumption with either a protonophore, carbonyl cyanide p-trifluoromethoxyphenylhydrazone, or a sodium ionophore, nystatin, increased the P50 value. Conversely, inhibition of ATP consumption by Na+-K+-ATPase with ouabain, or inhibition of mitochondrial electron transport with antimycin A, decreased the P50 value. Thus the O2 concentration required for mitochondrial function in the kidney is affected by mitochondrial distribution within the cell as well as by the functional demands imposed on the cell.